Use of phosphorus-containing polymers as additives for lubricants
The per volume power of internal combustion engines is showing a constant increasing trend, as also are the thermal stresses in these engines. In recent years, a lot of thought has gone into improving the operational reliability of engines, machines and mechanisms and lengthening their service life.
Steps are being taken to reduce the per unit capacity of the lubrication system with a view to reducing the overall size of the engine and its weight, and to achieve the maximum diminution in oil consumption in the engine (ref. 1).
Each of these factors individually has a significant impact on the operating conditions of the oil in the engine, making these conditions more severe -and this is even more the case when these factors are combined. Because of this, motor oil quality requirements are becoming ever tougher, and the selection of oils for internal combustion engines is an increasingly complicated task. Sometimes it can be very difficult to find solutions to these problems.
Motor oils intended for modern machines and mechanisms should have a set of service properties (detergency, anti-wear, anti-oxidant, anti-corrosion, etc.) to ensure a specified failurefree engine service life (ref. 2) .
Depending on the type of engine and its operating characteristics, the role of the individual service properties of the oils may vary.
Differences in the design of engines, machines and mechanisms may also have an impact on the rate of mechanical destruction of polymer additives in motor oils and on the mechanical stability requirements of the latter.
The authors are with the Tashkent State Technical University All other conditions being equal, the cylinder wall temperature in air-cooled diesels is 40-60°C higher than in water-cooled diesels. This may cause a need for a corresponding increase in thermal stability (of additives?) *) added to motor oil, and an improvement in its detergency.
Meanwhile the demand for additives that improve the service properties of oils and lubricants is growing all the time, as is their production volume. Oil additives constitute some 80-85% of the total quantity of additives produced by the petrochemical industry in foreign countries.
In the generally-accepted classification, additives are divided according to the specific nature of their impact on the service properties of oils. The main types of additive are the detergent type (dispersive additives), oxidation and corrosion inhibitors improving viscous properties, and anti-wear and anti-scuff additives, which bring down the congelation temperature (disperse additives).
The rapid development of technology, especially in the field of engine-building, has in turn brought about a need to develop new grades of oil and lubricants and additives for them. In other countries, a broad-based approach is taken to this, which is not limited to the setting of higher requirements for oils and lubricants arising out of the specific designs of new technology, but also includes energy, economic, environmental and other aspects of the chemistry of lubricant oils.
So there is real interest in studying the potential for use of phosphorus-containing polymers based on industrial waste materials as additives to oils and lubricants.
To carry out such a study, phosphorus-containing polymers obtained through the interaction between halide-containing monomers like epichlorohydrin (FSP-1), methacryloyl chloride (FSP-2) and allyl chloride (FSP-3) and phosphorus-and nitrogen-containing wastes from the Ammofos and Navoiazot production plants, and also a phosphorylated product based on waste from the Tashkent Oil and Fat Works (FSP-4), were introduced in a quantity of 0.5% into the composition of general-purpose industrial oil (GOST 20799-79) and into the composition of lubricant grease (GOST 4366-76).
Commercial trials were performed at the central works laboratory of the Alty-Aryk petrochemical plant. Tables 1 and 2 show the results of commercial trials of oil and lubricating grease. The commercial additives used with these materials were substances similar in structure and composition to our polymers, INKhP-21 additive (TU-3800114-71), and EFO additive (GOST 14625-78).
INKhP-21 additive is a substituted phosphoric acid barium salt. It is obtained by condensation of alkyl phenol with formaldehyde and ammonia and subsequent interaction with phosphorus pentasulphide. It possesses anti-oxidant and anti-corrosive properties and a high level of thermal stability. It is used in a mixture with other additives in oils for highpower engines (ref. 2) .
EFO additive (GOST 14625-78), a mixed zinc-barium salt of the isobutyl ether of aryldithiophosphonic acid, possesses anti-wear properties (ref. 3) .
As may be seen from the data given in Table 1 , when phosphorus-containing polymers are introduced into the composition of an industrial oil, there is a rise in the density, the kinematic viscosity and the flash point, and the oil congelation temperature falls. The other main feature of modified phosphorus-containing polymers, especially oils with FSP-1 and FSP-2, is their higher detergent/dispersive and friction properties, which is very probably linked to the polymer nature of the synthesised additives.
During operation in a mechanical transmission (gearbox, driving axle), industrial oils modified with phosphoruscontaining additives manifest qualities that are present in transmission oils meeting modern needs, while at the same time supporting vibration-free operation of hydromechanical gearboxes with no slipping or scuffing of clutch discs. The latter feature is a major advantage of phosphorus-containing polymer additives when compared with commercial INKhP-21 additive.
The fall in the acid number of the oil is more effective in improving anti-wear properties when FSP-1 and FSP-2 additives are introduced than when metal-containing additives are used. When metal-containing additives are used, there is faster formation of ash deposits that cause premature ignition of the working mixture in a rotary-piston engine.
The formation of carbon deposits in the engine combustion chamber, and particularly on the rotor surface, hampers normal engine operation. In rotary engines, premature ignition is known to be even more hazardous than in piston engines. Phosphorus-containing polymer additives FSP-1 and FSP-2 may therefore be added to prevent premature ignition of motor oil in rotary engines. Table 2 shows the results of using phosphorus-containing polymers as additives to synthetic lubricant grease (solidol) (complying with GOST 4366-76).
Synthetic solidol is a product of the thickening of grade I-12A industrial oil intended for solidol production, with 20 or more carbon atoms in the molecule. Solidol is used to lubricate rubbing, rolling and sliding parts in various machines and mechanisms operating in the temperature range of between -20°C and +65°C.
The synthesised additives and commercial additive (EFO) were introduced into the solidol in a quantity of 0.05 parts by wt. and its main physical/mechanical and applied properties were studied. As may be seen from the data given in Table 2 , when phosphorus-containing polymer additives were introduced into the composition of the solidol, the physical/mechanical and applied properties of the latter improved.
FSP-2 polymer features particularly good anti-scuff properties. Use of the EFO commercial additive leads to ash deposits forming on the valves, and this may in turn cause them to burn out.
One specific property that synthesised phosphoruscontaining polymer additives have been found to possess is a rise in the corrosion resistance of metal surfaces of machines and mechanisms.
The reduction in corrosion wear when phosphoruscontaining polymer additives are used is very probably linked to the way they solubilise rather than neutralise corrosive groups and products. When phosphorus-containing polymers are added to solidol, the acidity of the latter falls, and this leads to a reduction in corrosion. Phosphorus-containing polymer additives also feature a fairly high level of surface activity, which in turn governs their anti-wear effect under conditions where moderate contact stresses are in action. An increase in the molecular mass of the polymer additives leads to an increase in the effectiveness of the anti-wear action of the additives in question. The results obtained have been confirmed by an ANPZ commercial test certificate.
(No date given)
Use of phosphorus-containing polymers produced from industrial waste as additives to lubricants thus leads to an improvement in their physical/mechanical and applied properties. The synthesised polymers were tested under experimental commercial conditions and are recommended for introduction, since their use will provide a solution to social and environmental as well as technical and manufacturing problems. 
